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[57] ABSTRACT

In a gas discharge device for causing a gas discharge to
start at a first pressure in a hollow space between a pair
of electrodes and to continue at a second pressure lower
than the first pressure therein, a gas pressure adjusting
part is coupled to the hollow space to adjust a pressure
between the first and the second pressures. The adjust-
ing part comprises a needle valve which is controllable
between the first and the second pressures and which
has a double tapered orifice portion. Alternatively, the
adjusting part comprises first and second sections for
allowing a gas to flow at higher and lower flow rates so
as to provide the first and the second pressures, respec-
tively. The first section may comprise an additional
hollow space controlled by a pair of solenoid controlled
valves. The adjusting part cooperates with at least one
of a gas introducing system and a gas exhausting system.

7 Claims, 8 Drawing Figures
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GAS DISCHARGE DEVICE COMPRISING A
PRESSURE CONTROLLER FOR CONTROLLING
A PRESSURE OVER A WIDE RANGE

BACKGROUND OF THE INVENTION

This invention relates to a gas discharge device for
causing a gas discharge to occur in a hollow space filled

with a gas. It should be noted here that the concept of

the term “gas discharge device” covers a sputtering
device, a plasma chemical vapor deposition device, a |
dry etching device, or the like, although the Sputtering
device will be exemplified throughout the instant Specl—
fication.

A conventional sputtering device of the type de-
scribed is for use in depositing a layer on a substrate by
sputtering a material of a target onto the substrate. For
this purpose, the sputtering device comprises a chamber
defining a hollow space, an anode electrode in the hol-
low space, and a cathode electrode opposite to the
anode electrode in the hollow space, and 1s accompa-
nied by a main power source for providing a voltage
between the anode and the cathode electrodes. The
substrate is placed on the anode electrode while the
cathode electrode is operable as the target.

In order to carry out sputtering operation, a gas dis-
charge should be caused to occur in the hollow space
between the anode and the cathode electrodes. In order

to deposit an excellent layer on the substrate, the gas
discharge must be stable during the sputtering opera-

tion. However, the gas discharge is subjected to influ-
ence of various factors, such as a geometrical configura-
tion of the anode and the cathode electrodes, a pressure
in the hollow space, a voltage applied between the
anode and the cathode electrodes, a distance therebe-
tween, and the like. Moreover, an initial voltage for
causing the gas discharge to start is different from a
voltage for causing it to continue. It is therefore difficult
to keep the gas discharge stable.

It is mentioned here that the Paschen’s law 1s well
known in the art to define a relationship among the
initial voltage, the distance, and the pressure. Accord-
ing to the Paschen’s law, the initial voltage for the gas
discharge becomes low with a rise in the pressure and
with an increase in the distance.

In accordance with the teaching of Paschen’s law, the
distance between the anode and the cathode electrodes
may be widened once from a predetermined distance at
a start of the gas discharge and be returned to the prede-
termined distance after the start of the gas discharge.
Provision should, however, be made of a mechanism for
moving one of the electrodes nearer to the other and
further therefrom on controlling the distance. The
mechanism is intricate in structure. The control of the
distance is difficult and time consuming.

Alternatively, an auxiliary electrode i1s placed to
cause the gas discharge to start. An extra power source
should be prepared in addition to the main power
source because a high voltage is impressed on the auxil-
iary electrode. A restriction is inevitably imposed on
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to the normal pressure after the start of the gas dis-
charge. It is, however, difficult to automatically in-
crease the pressure to the initial pressure at the start of

the gas discharge because the initial pressure is fairly

higher than the normal pressure.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a gas dis-
charge device wherein a pressure is controllable over a
wide range to cause a gas discharge to start and to.
continue.

It is another object of this invention to provide a gas
discharge device of the type described, which is auto-
matically operable.

A gas discharge device to which this invention is
applicable includes a chamber defining a hollow space,
a first electrode in the hollow space, a second electrode
opposite to the first electrode in the hollow space, volt-
age supplying means for supplying a voltage between
the first and the second electrodes, exhausting means
for exhausting said hollow space, and gas introducing
means for introducing a gas into the hollow space. Ac-
cording to this invention, the gas discharge device com-
prises pressure adjusting means coupled to at least one
of the exhausting means and the gas introducing means
for adjusting the pressure between a first and a second
pressure at which the voltage causes a gas discharge to
start and to continue between the first and the second
electrodes, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS .

FIG. 1 shows a block diagram of a conventional gas
discharge device; |

FIG. 2 shows a block dlagram of a gas discharge
device according to a first embodiment of this inven-
tion:

FIG. 3 shows a partial sectional view of a needle
valve for use in the gas discharge device illustrated in
FIG. 2;

FIG. 4 shows a view for describing a characteristic of
the needle valve illustrated in FIG. 3;

FIG. 5 shows a block diagram of a gas dlscharge
device according to a second embodiment of this inven-
tion;

FIG. 6 shows a view for describing operation of the
gas discharge device illustrated in FIG. 5;

FIG. 7 shows a block diagram of a gas discharge

~ device according to a third embodiment of this inven-
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design of the target because the auxiliary electrode must -

be adjacent to the target or the cathode electrode.

As will later be described with reference to one of
nearly ten figures of the accompanying drawing, it is
possible to change the gas pressure in the hollow space
at the start of the gas discharge. More specifically, the
pressure is increased to a high pressure or an initial
pressure higher than a normal pressure and is returned

63

tion; and
FIG. 8 shows a view for describing operation of the
gas discharge device illustrated in FIG 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a conventional gas discharge
device is operable as a sputtering device and comprises
a gas pressure adjusting part for use in controlling a gas
pressure in a hollow space of the sputtering device. The
hollow space has a predetermined volume between 5
liters and 5000 liters. Let the predetermined volume be
equal to 200 liters. The device comprises a chamber 11
defining the hollow space, a first electrode 12 in the
hollow space, and a second electrode 13 opposite to the
first electrode 12 in the hollow space. The first elec-
trode 12 serves as a cathode operable as a target elec-
trode. The second electrode 13 is used as an anode. At
least one substrate (not shown) is located on the second
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electrode 13 to be subjected to sputtering as will pres-
ently be described. A shutter 14 is placed intermediate
between the first and the second electrodes 12 and 13.
The shutter 14 is for sheltering the first or the target
electrode 12 while sputtering operation is not carried
out in the device.

A voltage source 16 is electrically connected be-
tween the first and the second electrodes 12 and 13
through a switch 17 to provide a voltage therebetween
and, thereby, to cause a gas discharge to occur in the
hollow space between the first and the second elec-
trodes 12 and 13. Let the voltage be a predetermined
voltage selected between 500 and 600 volts.

The device further comprises a gas exhausting system
for exhausting the hollow space at a constant exhaust
rate which is specified by an effective exhaust rate. The
exhausting system comprises a vacuum pump 18 and a
main valve 19 between the chamber 11 and the vacuum
pump 18. The main valve 19 has a main valve conduc-
tance and cooperates with the vacuum pump 18 to
achieve the exhaust rate. In the following description, it
will be assumed that the gas exhausting system 1s always
put into operation at the exhaust rate.

A gas reservoir 21 is attached to the device. A gas 18
introduced from the reservoir 21 into the hollow space.
A flow control valve 22 is placed between the chamber
11 and the gas reservoir 21. The flow control valve 22
has a control valve conductance variable within a pre-
scribed range and is controlled by a valve drive mecha-
nism 23. A combination of the flow control valve 22 and
the valve drive mechanism 23 serves as a gas introduc-
Ing system.

The gas has a pressure in the hollow space. The pres-
sure is dependent on the effective exhaust rate and an
amount of the gas which is introduced through the flow
control valve 22. In other words, the pressure in the
hollow space is determined by the main valve conduc-
tance and the control valve conductance. Accordingly,
it is possible to control the pressure by regulating the
main and the control valve conductances. Herein, the
gas discharge is assumed to start in the hollow space
when the pressure in the hollow space reaches a first
pressure of, for example, 5X10—2 Torr and that the
sputter operation is carried out at a second pressure of,
for example, 5 10—3 Torr. The gas discharge contin-
ues at the second pressure when the pressure is reduced
from the first pressure. In these senses, the first and the
ing pressure, respectively.

Let the pressure be kept at the first pressure by regu-
lating the main valve 19 and the flow control valve 22.
In the meanwhile, the first electrode 12 is sheltered
from the second electrode 13 by the shutter 14 and the
first and the second electrodes 12 and 13 are supplied
with the voltage as described before. In the example
being illustrated, the flow control valve 22 alone 1s
regulated by the valve drive mechanism 23 after the
hollow space is exhausted at the exhaust rate. Under the
circumstances, the gas discharge starts in the hollow
space between the first and the second electrodes 12 and
13 when the shutter 14 is put aside. After the start of the
gas discharge, the flow control valve 22 must be con-
trolled to reduce a flow rate of the gas so as to reduce
the pressure down to the second pressure. When the
shutter 14 is put aside after reduction of the pressure,
the sputter operation is carried out in a well-known
manner to deposit a layer on the substrate.
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Thus, the flow control valve 22 should be controlled
so as to regulate the flow rate and thereby to change the
pressure between the first and the second pressures.
Such control of the flow rate must be carried out over
a wide range, as will presently become clear. It may be
possible to manually control the flow rate over the wide
range with a great care. However, it is difficult to auto-
matically cover the whole wide range by the use of a

conventional flow control valve. More particularly, the
flow rate must be determined with an accuracy of 1
SCCM during the sputtering operation if the flow rate 1s

between 0 and 100 SCCM, where SCCM is an abbrevia-
tion for Standard Cubic Centimeter per Minute and 18
representative of a flow rate which is converted to that
at 1 atmospheric pressure. Under the circumstances, a
minimum controllable value of the flow rate 1s as coarse
as 2 SCCM.

On the other hand, the maximum flow rate 1s 10,000
SCCM. At any rate, the flow rate should be measured at
an accuracy of +=100 SCCM at the start of the gas
discharge. At this time, the minimum controllable value
is degraded to 200 SCCM. |

It is to be noted here that the conventional flow con-
trol valve can automatically control a flow rate with an
accuracy of about 1 percent at most. From this fact, it 1s
understood that the conventional flow control valve
can not be used to control the flow rate over the wide
range between 0 and 10,000 SCCM.

Although the above-mentioned description is di-
rected to the introducing system, this applies to the
exhausting system in which the exhaust rate is con-
trolled to adjust the pressure between the first and the
second pressures.

Referring to FIG. 2, a gas discharge device according
to a first embodiment of this invention is also used as a
sputtering device and comprises similar parts desig-
nated by like reference numerals. In the illustrated gas
discharge device, the hollow space enclosed with the
chamber 11 has a volume of, for example, 200 liters. A
pressure controller 2§ is for controlling the flow rate
throughout a wide range between 0 and 10,000 SCCM
on condition that the exhaust rate is, for example, 100
liters per second when converted to 1 atmospheric pres-
sure. The pressure controller 25 comprises a mass flow
meter 27 for measuring the flow rate to produce a flow
rate signal FW representative of the flow rate. The mass
flow meter 27 is coupled to a hollow pipe or a conduit
29 which allows the gas to flow into the hollow space.
The mass flow meter 29 may be of a type comprising a
thermocouple and a heater for the thermocouple.

The pressure controller 25 comprises a first reference
circuit 31 for producing a first reference signal RF
representative of a first reference flow rate and a second
reference circuit 32 for producing a second reference
signal RF; representing a second reference flow rate.
The first and the second reference flow rates are for
establishing the first and the second pressures in the
hollow space, respectively. The gas discharge starts and
continues at the first and the second pressures, respec-
tively, as described in conjunction with FIG. 1. The
first and the second reference signals RF; and RF; are
selectively supplied through a changeover switch 33 to
a comparator 34. A selector 36 produces a switching
signal SW for the switch 33 to switch the first and the
second reference signals RF; and RF; from one to the
other. The selector 36 may be manually or automati-
cally put into operation to produce the switching signal
SW.
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At the start of the gas discharge, the first reference
signal RF| is selected in response to the switching signal
SW to be sent to the comparator 34. Responsive to the
first reference signal RF and the flow rate signal FW,
the comparator 34 compares the flow rate with the first
reference flow rate to calculate a first difference be-
tween the flow rate and the first reference flow rate and
to produce a first difference signal representative of the
first difference.

Likewise, the comparator 34 compares the flow rate
with the second reference flow rate to produce a second
difference signal representative of a second difference
between the flow rate and the second reference flow
rate during the sputtering operation.

Responsive to each of the first and the second differ-
ence signals, a valve drive circuit 37 produces a valve
drive signal DV by amplifying each of the first and the
second difference signals.

Referring to FIGS. 3 and 4 together with FIG. 2 the

valve drive signal DV is supplied from the valve drive
circuit 37 to a needle valve 40 which is illustrated in

FIG. 3 and which is capable of controlling the flow rate
over the above-mentioned wide range in accordance
with a degree of valve opening versus flow rate charac-
teristic exemplified in FIG. 4. The needle valve 40 has
a body 41 defining an internal space. The internal space
is divided 1nto an inlet portion 42, an orifice portion 43,
and an outlet portion 44. The orifice portion 43 is de-
fined by an internal wall surface 45. The needle valve 40
is interposed in the conduit 29 as illustrated in FIG. 2
with the inlet and the outlet portions 42 and 44 con-
nected thereto. It should be noted here that the orifice
portion 43 has a first tapered portion contiguous to the
outlet portion 44 and a second tapered portion between
the first tapered portion and the inlet portion 42 and that
the first tapered portion has a sharply tapered or varied
circumferential wall in comparison with the second
tapered portion. -

The needle valve 40 comprises a stem 46 movable
upwardly or downwardly of FIG. 3 in response to the
valve drive signal DV supplied from the valve drive
circuit 37 (FIG. 2). With this needle valve 40, it is possi-
ble to accomplish the characteristic exemplified in FIG.
4. More particularly, the stem 46 is moved to the first
tapered portion upwardly of FIG. 3 when the valve
drive circuit 31 produces the valve drive signal DV in
response to the first difference signal at the start of the
gas discharge. At this time, the degree of valve opening
reaches a transition point 48 (FIG. 4). When the stem 46
is moved farther upwardly, the flow rate is rapidly and
widely varied with an increase of the degree of valve
opening. This is because the first tapered portion is
sharper in inclination than the second tapered. portion.
Accordingly, it 1s possible to put the flow rate into the
first reference flow rate depicted at PL (FIG. 4) of, for
example, 10,000 SCCM, which is necessary for provid-
ing the first pressure. Thus, the needle valve 40 enables
the pressure in the hollow space to reach the first pres-
sure in relation to the exhaust rate. The flow rate may
have a tolerance of 410 percents relative to the first
reference flow rate.

After the gas discharge starts in the hollow space in
the above-mentioned manner, the stem 46 is moved to
the second taper portion downwardly of FIG. 3 in
response to the valve control signal DV resulting from
the second difference signal RF;. Thus, the degree of
valve opening becomes less than the transition point 48.
Accordingly, the flow rate 1s reduced to the second
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reference flow rate between 0 and 100 SCCM. In this
event, the flow rate can precisely be controlled at an
accuracy of =2 SCCM.

Anyway, the needle valve 40 can ad_]ustably vary the
flow rate over the wide range in relation to the exhaust
rate. | |
With the illustrated gas discharge device, it is posmble
to easily and automatically cause the gas discharge to
start by the use of the pressure controller 25 comprising
the needle valve 40. In addition, no extra power source
1S necessary except the power source 16 in order to
cause the gas discharge to start in the hollow space. The
needle valve 40 may be substituted for the main valve
19. The gas discharge device makes it necessary to
prepare an impedance matching circuit usually usedina
conventional high frequency sputtering device.

Referring to FIG. §, a gas discharge device according
to a second embodiment of this invention comprises
similar parts designated by like reference numerals. Let
the chamber 11 and the exhausting system be identical
with those illustrated with reference to FIG. 2. The
illustrated pressure controller 25 is coupled to the
chamber 11 and the introducing part to which the gas
reservoir 21 is attached. The controller 25 comprises a
first section 56 and a second section 57. The first section
56 is for use in causing the gas discharge to start in
cooperation with the second section 57. For this pur-
pose, the first section 56 comprises a first flow control
valve 61 having a first conductance and a solenoid con-
trolled valve 62 controlled by a control circuit 63. The
control circuit 63 produces a control signal CT to selec-
tively close and open the solenoid controlled valve 62
by energizing the same. The first section 56 serves to
introduce the gas into the hollow space at a first prese-
lected flow rate determined by the first conductance.
The first preselected flow rate is for adjusting the pres-
sure to the first pressure of, for example, 5X 10—2 Torr
and may be more than 1,000 SCCM. Typically, the first
preselected flow rate is 10,000 SCCM.

The second section 57 comprises a second flow con-
trol valve 64 having a second conductance considerably
lower than the first conductance. The second flow con-
trol valve 64 is operable to introduce the gas into the
hollow space at a second preselected flow rate deter-
mined by the second conductance. The flow rate may
be less than 100 SCCM and is, for example, 50 SCCM.

At any rate, the second section 57 serves to cause the
gas discharge to continue after the start of the gas dis-
charge by adjusting the pressure to the second pressure
of, for example, 5 10—3 Torr in relation to the exhaust
rate of, for example, 100 liters per second.

Referring to FIG. 6 afresh and FIG. 5 again, the
solenoid controlled valve 62 is opened in response to
the control signal CT to cause the gas discharge to start
in the hollow space. In this event, the first and the sec-
ond flow control valves 61 and 64 are opened also.
Inasmuch as the first conductance 1s considerably
higher than the second one, a great deal of the gas is
rapidly introduced into the hollow space with the ex-
hausting system kept exhausting the hollow space at the
exhaust rate. Consequently, the pressure is quickly
raised up to the first pressure, as shown at 66 in FIG. 6.
When the pressure reaches the first pressure, the sole- -
noid controlled valve 62 is closed by extinction of the
control signal CT with the first and the second flow
control valves 61 and 64 kept opened. Thus, the sole-
noid controlled valve 62 1s momentarily opened a pre-
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determined duration. The predetermined duration is
determined by a time constant 7 given by:

T=V/S§, (1)

where V is representative of a volume of the hollow
space and S, the exhaust rate.

Let the volume V and the exhaust rate be 200 liters
and 100 liters per second, respectively. At this time, the
time constant v becomes equal to 2 seconds. In order to
raise the pressure from 5 10—3 Torr to 5X 10—2 Torr
during the predetermined duration of 2 seconds, consid-
eration should be paid to the first conductance and to a
supplying pressure of the gas fed from the gas reservoir
21 to hollow space through the first control valve 61.
According to inventors’ experimental studies, the first
conductance and the supplying pressure were
4.9 103 liters per second and 1 kgf per centimeter
square, respectively.

After elapse of the predetermined duration, the sole-
noid controlled valve 62 is closed in response to the
control signal CT. Inasmuch as the exhausting system
continuously exhausts the hollow space at the exhaust
rate, the pressure in the hollow space is gradually re-
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duced at the time constant to the second pressure of 25

5% 10—3 Torr, as shown at 67 in FIG. 6.

Referring to FIG. 7, a gas discharge device according
to a third embodiment of this invention is similar to that
illustrated with reference to FIG. § except that the first
section 56 comprises first and second solenoid con-
trolled valves 71 and 72 and an additional chamber 73
intermediate between the first and the second solenoid
controlled valves 71 and 72. In the example being illus-
' trated, the chamber 11 and the exhaust system be identi-

30

cal with those illustrated in FIG. 5. Let the volume of 35

the chamber 11 be represented by V. The additional
chamber 73 defines an additional hollow space having a
volume represented by V). The first and the second
solenoid controlled. valves 71 and 72 are interposed
between the gas reservoir 21 and the additional cham-
ber 73 and between the chamber 11 and the additional
chamber 73, respectively, and are selectively operated
in response to first and second control signals CT and
CT; supplied from a control circuit depicted at 63.
Thus, the second section 57 does not comprise a flow
control valve in FIG. 7. In this connection, the second
flow control valve 64 in the first section 56 may be
solely called a flow control valve hereinafter.

As is the case with the gas discharge device 1llus-
trated with reference to FIG. 4, let the volume of the
chamber 11, the exhaust rate, the first pressure, and the
second pressure be equal to 200 liters, 100 liters per
second, 5 10—2 Torr, and 5 10—3 Torr, respectively.
The time constant 7 is therefore equal to 2 seconds as
discussed heretobefore in conjunction with FIG. 4.

The first solenoid controlled valve 71 is opened in
response to the first control signal CT, with the second
solenoid controlled valve 72 left closed, to cause the gas
discharge to start in the hollow space between the first
and the second electrodes 12 and 13. As a result, the
additional chamber 73 is filled with the gas to a high
pressure which is higher than the first pressure and
which will be represented by P;. Let the high pressure
P| be equal to 1 kgf per centimeter square. In this event,
the flow control valve 64 is continuously opened to
keep the pressure in the chamber 11 at the second pres-
sure of 5 10—3 Torr in cooperation with the exhaust-
Ing system.
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Subsequently, the second solenoid controlled valve
72 is opened in response to the second control signal
CT> while the first solenoid controlled valve 71 is
closed by extinction of the first control signal CTj.

" Referring to FIG. 8 afresh and FIG. 7 again, the
pressure in the hollow space should momentarily be
raised up to the first pressure of 5 10—2Torr, as shown
at 76 in FIG. 8. In order to carry out such operation, the
volume V1 of the additional chamber 73 and the high
pressure Pp therein must be selected in relation to the
volume V of the chamber 11 and the pressure therein.
As is well known in the art, the volume V| of the addi-
tional chamber 73 1s given by:

V= V.Po/P, 2)
where Pg represents the first pressure.

When the volume V of the chamber 11, the first pres-
sure Pg, and the pressure Pj are 200 liters, 5 X 10—2Torr,
and 1 kgf per centimeter square, respectively, the vol-
ume V1 of the additional chamber 73 may be equal to 6.6
cm3. If the volume V of the chamber 11 is between 5
and 5,000 liters, the volume Vy of the additional cham-
ber 73 may be between 0.1 and 100 cm3.

Thus, the first section 56 serves to cause the gas dis-
charge to start in the hollow space when the pressure in
the chamber 11 reaches the first pressure of 5X10—2
Torr.

After the pressure is raised up to the first pressure, the
second solenoid controlled valve 72 is closed by extinc-
tion of the second control signal CT> while the first
solenoid controlled valve 71 is opened in response to
the first control signal CT;. Inasmuch as the exhausting
system continuously exhausts the hollow space, the
pressure is gradually reduced to the second pressure of
5% 10—3 Torr, as shown at 77 in FIG. 8. At this time,
the gas discharge continues in the hollow space.

While this invention has thus far been described In
conjunction with a few embodiments thereof, it will
now be possible for those skilled in the art to put this
invention into practice in various other manners. For
example, each of the flow control valves 64 illustrated
in FIGS. 5 and 7 may be closed while the first section 36
introduces the gas into the hollow space. In this event,
the first preselected flow rate is determined in relation
to the exhaust rate alone. The pressure controller 25
may be attached to the exhausting system. This inven-
tion is applicable to a chemical vapor deposition device,
a plasma etching device, or the like, as well as to the
sputtering device.

What is claimed is:

1. A gas discharge device including a chamber defin-
ing a hollow space, a first electrode in said hollow
space, a second electrode opposite to said first electrode
in said hollow space, voltage supplying means for sup-
plying a voltage between said first and said second
electrodes, exhausting means for exhausting said hollow
space, and gas introducing means for introducing a gas
into said hollow space, said voltage causing a gas dis-
charge to start at a first pressure and to continue at a
second pressure which is lower than said first pressure,
in said hollow space between said first and said second
electrodes, said gas discharge comprising pressure ad-
justing means coupled to at least one of said exhausting
means and said gas introducing means for adjusting said
pressure between said first and said second pressures at
a first and a second flow rate which are variable within
a first and a second predetermined range, respectively,
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sald first predetermined range being higher than said
second predetermined range by a preselected order.

2. A gas discharge device as claimed in claim 1,

wherein said pressure adjusting means comprises:

a hollow pipe connected to said gas introducing
means for allowing said gas to flow into said hol-
low space at a flow rate; and

valve means coupled to said hollow pipe for adjust-
ably varying said flow rate between said first and
said second flow rates in relation to an exhaust rate
at which said exhausting means exhausts said hol-
low space. |

3. A gas discharge device as claimed in claim 1,

wheretn said pressure adjusting means comprises:

first means coupled to said gas introducing means and
said chamber for introducing said gas into said
hollow space at said first flow rate; and

second means coupled to said gas introducing means
and said chamber for introducing said gas into said
hollow space at said second flow rate which is
lower than said first preselected flow rate to adjust
said pressure to said second pressure in relation to
an exhaust rate at which said exhausting means
exhausts said hollow space;

said first flow rate adjusting said pressure to be said
first pressure at least in relation to said exhaust rate.
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4. A gas discharge device as claimed in claim- 3,
wherein said first means comprises:

an additional chamber defining an additional hollow

space;

first valve means coupled between said additional

chamber and said gas introducing means for adjust-
ably introducing said gas from said gas introducing
means into said additional hollow space to a high
pressure which is higher than said first pressure;
and |

second valve means coupled between said additional

chamber and said chamber for adjustably transfer-
ring the gas of said high pressure from said addi-
tional hollow space at said first flow rate to the
hollow space in which said first and said second
electrodes are disposed. _

5. A gas discharge device as claimed in claim 1,
wherein said preselected order is more than ten.

6. A gas discharge device as claimed in claim 3,
wherein said first predetermined range is between 0 and
100 SCCM, while said second predetermined range is
between 1,000 and 10,000 SCCM.

7. A gas discharge device as claimed in claim 1,
wherein said pressure increases from said second pres-
sure to satd first pressure during a predetermined period

which is no longer than two seconds.
X % % % %K
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